Background: Elevated serum levels of pancreatic enzymes are frequently observed in end-stage renal disease (ESRD) in the absence of pancreatic diseases. Aim: Evaluate the prevalence of elevated pancreatic enzymes in patients on maintenance hemodialysis (HD) and compare it with healthy controls. Materials and methods: Serum amylase (SA) and serum lipase (SL) levels were evaluated in 20 patients on maintenance HD (group I) and compared with levels in 25 healthy controls (group II). Results: In group I, hyperamylasemia and/or hyperlipasemia were found in 14 (70%) patients. Abnormal levels of both SA and SL simultaneously were noted in 7 (35%); however, hyperamylasemia and hyperlipasemia only were noted, respectively, in 11 (55%) and in 10 (50%) patients. There was a significant moderate positive correlation between SA and serum creatinine (103.8 ± 50.6 vs 89.9 ± 20.9; r = 0.48; p = 0.029), and between SL and serum creatinine (61.2 ± 40.1 vs 89.9 ± 20.9; r = 0.47; p = 0.034) in group I. Mean SA values were significantly higher in group I in comparison with group II: 103.8 ± 50.6 vs 64.1 ± 31.5 U/L; p = 0.005, and mean SL values were significantly higher in group I in comparison with group II: 61.2 ± 40.1 vs 31.8 ± 17.7 U/L; p = 0.002.
IntroductIon
Elevated serum levels of pancreatic enzymes are frequently observed in end-stage renal disease (ESRD) specially on maintenance hemodialysis (HD) in the absence of clinical pancreatitis. 1 -4 However, increased levels of serum amylase (SA) and serum lipase (SL) are indicators of acute pancreatitis, but these two enzymes are elevated in many non-pancreatic conditions also. Renal insufficiency is one of the common causes for such non-specific elevation. 3 The mechanism of this elevation is not clearly understood. It is known that 24% of circulating amylase is excreted in urine. 5 The lipase is filtered by glomeruli and almost completely reabsorbed and metabolized by the renal tubules. 6 Therefore, the increase in serum levels of pancreatic enzymes reflects a reduce of glomerular filtration and is not generally due to pancreatic damage. 7 The frequency of pancreatitis is higher in patients with renal impairment than in the general population, and the nonspecific increase in pancreatic enzymes makes diagnosis difficult for this complication. 8 Laboratory confirmation of the diagnosis of pancreatitis is difficult in patients with ESRD, and cannot be supported only by SA and SL measurements. 9 In the present study, we measured total SA and SL activities in two groups of patients. The aim was to evaluate the prevalence of elevated pancreatic enzymes in patients on maintenance HD and compare it with healthy controls.
MAterIAls A n d Methods

Study Design
We performed a monocentric cross-sectional comparative observational study, in Nephrology-Hemodialysis Department, at the 5th Military Hospital, Guelmim-Morocco. From June 2016 to December 2016, the Institutional Review Board approved this study protocol, and informed consent was obtained from all the patients.
None of the subjects presented clinical signs and symptoms of acute and chronic pancreatitis either during or before the study period. Alcohol intake was absent in the included patients. They were screened for infection, shock, salivary gland disease, cancer, and other known causes of hyperamylasemia and hyperlipasemia.
For HD patients, dialysis treatment consisted of three sessions weekly, and duration of four hours for each session. HD was performed using polyamide high-flux biocompatible synthetic membranes and bicarbonate-based dialysate. Ultrapure water was used. Regular microbiological tests showed no bacterial growth and endotoxin count was below 0.05 U/mL. Dialysate flow rate: 500 mL/min; blood flow ranged from 320 to 350 mL/min. Automatic dialysis machines were employed (Gambro® AK 200 ultra S hemodialysis machine, Sweden).
Evaluation Methods
Demographic information and clinical history of patients were retrieved from medical records. For HD patients (group I), results of biochemical and hematological blood analyses performed in the same month under study were collected. In all subjects, blood samples were drawn after an overnight fast. In HD patients (group I), blood samples were obtained in the beginning of HD, via dialysis tubing.
SA and SL activities were measured using an enzymatic colorimetric assay (Roche/Hitachi Cobas c system). The normal ranges at our laboratory were, for SA: 28-100 U/L and for SL: 13-60 U/L. Serum creatinine was assayed using the Jaffe colorimetric method (normal ranges 7-12 mg/L).
Statistical Analysis
Continuous variables are presented as mean values and standard deviation or median and quartiles. For categorical variables, effectives and percentages are given. Variables were compared using Mann-Whitney test or Chi-square test. For correlations, Pearson's test was used. All analysis was performed with the SPSS software (version 21.0), and a p value lower than 5% was considered statistically significant.
results
Group I
This group had 20 HD patients, 10 females and 10 males, whose mean age was 56.8 ± 13.9 years. Median duration of HD was 55 months. ESRD originated from diabetic nephropathy 10 (50%), interstitial nephritis 3 (15%), vascular disease 2 (10%) and unknown 5 (25%). For HD treatment, vascular access were arteriovenous fistula in 15 (75%), polytetrafluoroethylene (PTFE) grafts in 2 (10%) and tunnelized catheters in 3 (15%) patients. All patients were using polyamide high-flux membranes of 2.1 m 2 in 12 (60%), 1.7 m 2 in 6 (30%), and 1.4 m 2 in 2 (10%) patients. The demographic, HD, hematological, and hemodynamic data for group I (HD patients) are presented in Table 1 .
Hyperamylasemia and/or hyperlipasemia were found in 14 (70%) patients. Abnormal levels of both SA and SL were noted simultaneously in 7 (35%) patients; however, hyperamylasemia and hyperlipasemia only were noted, respectively, in 11 (55%) and in 10 (50%) patients. Five (25%) patients had SA higher than 1.5 times the upper reference limit (URL), but none of the patients had SA higher than 2 times the URL. SL was higher than 1.5 times the URL in 4 (20%) patients and 3 (15%) had levels higher than 2 times of URL, but none of the patients had levels higher than 3 times of URL. The correlation coefficient of serum creatinine and pancreatic enzymes was calculated to evaluate the relationship between the renal function and the levels of pancreatic enzymes. There was a significantly moderate positive correlation between SA and serum creatinine (103.8 ± 50.6 vs 89.9 ± 20.9; r = 0.48; p = 0.029), and between SL and serum creatinine (61.2 ± 40.1 vs 89.9 ± 20.9; r = 0.47; p = 0.034) (Figs 1 and 2 ).
Group II
This group consisted of 25 healthy controls, 15 females and 10 males, whose mean age was 52.2 ± 13 years.
There was no significant difference between group I and group II for age and gender. Mean SA values were significantly higher in group I in comparison with group II: 103.8 ± 50.6 vs 64.1 ± 31.5 U/L; p = 0.005, and mean SL values were significantly higher in group I in comparison with group II: 61.2 ± 40.1 vs 31.8 ± 17.7 U/L; p = 0.002 ( Table 2 , Figs 3 and 4 ).
dIscussIon
Our study demonstrated that means SA and SL were significantly higher in group I (HD patients) in comparison with group II (healthy controls). Elevated serum levels of pancreatic enzymes had reported in patients with renal dysfunction, 1 , 3 , 4 but the underlying mechanism is still unclear. Although there is general agreement that a reduced glomerular filtration rate can result in a slight enhancement of pancreatic enzymes in a great number of patients with chronic renal disease, the presence of very high levels in a minority of cases is still a matter of debate. On the basis of the findings, in postmortem studies of a variety of pancreatic abnormalities in patients with ESRD, 1 the occurrence of hypothetical concomitant pancreatic damage has been suggested. The complex hemodynamic, biochemical, and physiological alterations in uremia were speculated to cause an excessive release of pancreatic enzymes. 1 Many studies have addressed the influence of biochemical factors such as serum creatinine, urea nitrogen, triglycerides, or parathyroid hormone (PTH). 1 -4 , 10 , 11 However, Chen et al. proved that hemodynamic changes during HD and related factors are significantly associated with elevated SA. 12 Berk et al. 13 indicated that hyperamylasemia was found in 50% of their uremic patients, and fewer than three times the URL. Hyperlipasemia was reported by Sommer et al. 14 in 46% and by Zachee et al. 15 in 65% of their patients. Jiang et al. 2 in their study on patients with ESRD found high levels of SA and SL in 60.7% and 57.1%, respectively. Elevated levels of serum pancreatic enzymes up to three times the URL was reported in 60-80% of the patients under maintenance HD who do not have evidence of acute pancreatitis. 1 -4 In our study, hyperamylasemia and/or hyperlipasemia were found in 70%. Abnormal levels of both SA and SL simultaneously were noted in 35%; however, hyperamylasemia and hyperlipasemia only were noted, respectively, in 55% and in 50% of patients. 25% patients had SA higher than 1.5 times the URL, but none of the patients had SA higher than 2 times the URL. SL was higher than 1.5 times the URL in 4 (20%) patients and 3 (15%) had levels higher than 2 times of URL, but none of the patients had levels higher than 3 times of URL. An SA value more than 10 times the URL may indicate pancreatic injury in patients with renal insufficiency but SL has no diagnostic value. 3 , 15 Similar to our findings, Lin et al. 3 Gross et al. 16 found that there was a positive correlation between SA and serum creatinine, and between SL and serum creatinine. Patients with ESRD commonly have nausea, vomiting, and abdominal discomfort, which are also seen in pancreatitis. Owing to the significantly elevated levels of pancreatic enzymes in uremia, the differential diagnosis becomes difficult. 8 conclusIon There is an evidence that interpretation of elevated serum levels of pancreatic enzymes in ESRD patients on HD needs an awareness of the non-specific increase seen in this population. In difficult cases, it may be necessary to follow serial enzyme levels and interpret them in the context of the clinical course and the results of imaging and other appropriate investigations.
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